Objective: While the prevalence of type 2 diabetes is growing, it is increasingly well recognized that treatment outcomes in primary care practice are often suboptimal. The aim of this study is to examine the extent to which treatment beliefs and health behaviors predict diabetes health outcome as measured by glycated hemoglobin (HbA 1c ) level, blood pressure, and lipid profile.
Results: In total, 1033 respondents answered the survey. The majority of treatment beliefs and health behaviors examined were predictors of glycemic control and, to a large extent, lipid profile. Absence from, or a low frequency of, self-measured blood glucose, non-adherence to general medical advice and the prescribed treatment, a low primary care utilization, and perceived low treatment efficacy were factors positively associated with HbA 1c levels, s-cholesterol, and low-density lipoprotein. Conversely, infrequent self-measured blood glucose was associated with a significantly higher likelihood of having a blood pressure below 130/80 mm Hg. Perceived low treatment efficacy was the only health belief associated with poorer levels of health outcome other than HbA 1c .
Conclusions: Health behaviors were stronger predictors for health outcomes than treatment beliefs. Self-reported adherence to either the treatment regimen or general medical advice most consistently predicted both glycemic control and cardiovascular risk factors.
BACKGROUND
Diabetes imposes significant demands on the person with the condition for ongoing daily self-management. Living with diabetes is often associated with psychosocial challenges.
1 2 Optimal control involves day-to-day blood sugar monitoring, medication taking, lifestyle adjustment, preventing and managing long-term complications, coping with the psychosocial challenges attached to living with a chronic condition, and actively utilizing relevant diabetes support services.
Maintaining such health behaviors is a lifelong matter hampered by the fact that for many diabetes is a silent disease. That is, there are limited symptoms in daily life until the day that a complication occurs. This may be a long time after the initial diagnosis. Thus, instant rewards of disease selfmanagement are limited to intermediary treatment targets, such as blood sugar control. The actual health benefits, in terms of mitigating cardiovascular disease (CVD) or diabetes long-term sequela, remain a distant event emphasizing the everyday life diligence needed for optimal management.
The beliefs that people hold toward their current and future health, and their level of disease knowledge, are likely to modify the extent to which they engage in disease selfmanagement. The interplay between health beliefs, disease self-management, and health outcome was first delineated in the health belief model developed by US researchers in the 1950s. 3 This model provides a conceptual framework for understanding disparities in why people do, or do not, engage in disease self-management. Engaging in health-related actions is predicted by the perceived value
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attached to an outcome and the perceived likelihood that these actions will lead to this outcome. 4 5 Other social cognition theories developed to predict health behavior include self-efficacy theory 6 and the theory of planned behavior. 7 Treatment outcomes examined in previous applications of these theories include adherence in diabetes 4 8-12 and glycemic control. [13] [14] [15] [16] [17] [18] [19] [20] Only two studies included a composite measure of metabolic control reflecting both glycemic control and cardiovascular risk. 21 22 The aim of this study is to examine the extent to which different beliefs and behaviors related to diabetes predict health outcomes. This was a large-scale crosssectional study involving people with type 2 diabetes in the county of Funen, Denmark. Health outcome was indicated by glycated hemoglobin (HbA 1c ) level, blood pressure (BP), total serum cholesterol (s-cholesterol), and low-density lipoprotein (LDL) cholesterol. The health information available from the disease registry was supplemented with self-reported demographic and psychometric data from a questionnaire administered to all insulin-treated people in the registry (n=3160).
The significance of this study can be assessed via the use of registry-based health data from a well-defined population of insulin users and the evaluation of diabetes health outcomes reflecting cardiovascular outcomes and glycemic control. The results provide direction for targeting diabetes care to patient segments in particular need of education and self-management support. The conceptual framework may be generalized to a practitioner setting and is particularly relevant for developing screening strategies in primary and secondary diabetes care.
RESEARCH DESIGN AND METHODS
This study was a cross-sectional registry study combined with a postal survey of patients with type 2 diabetes in Denmark.
Funens Diabetes Database (FDDB) is a disease registry established in 2003 and is employed by medical outpatient clinics, general practitioners (GP) and ophthalmologists in Funen. Approximately 9000 patients with diabetes are registered in the database. Laboratory analyses are performed at local laboratories and are automatically transferred to the registry. Other information is entered manually by healthcare professionals.
23
A 27-item questionnaire was developed to supplement the health information contained in the registry. These items were constructed to operationalize the key concepts detailed in the research question, diabetes treatment beliefs and health behavior. The construction of items was based on the domains of the health belief model 3 and self-efficacy theory. 6 A discrete choice experiment on patient preference toward the benefit-risk profile of diabetes treatment formed part of the questionnaire, but this analysis is not relevant to this paper.
The generation of items was an iterative process. Initially, one-to-one interviews were conducted with diabetes specialists (n=2), a diabetes nurse, a diabetes education specialist and people with diabetes (n=3) to identify topics and items to be included. Two focus groups, each with four participants, were conducted to ensure face validity, acceptability, and clarity of the questionnaire items, and logic of the overall order in which the items were presented. All participants were insulin users, and were recruited through a diabetes clinic at Hilleroed Hospital, Denmark. Focus group participants were invited to share their thoughts on the questionnaire during a 2 h session.
To enable a systematic appraisal of the questionnaire performance, the revised questionnaire was piloted using a small sample of intended respondents. Written comments on the questionnaire were assessed and changes implemented accordingly. In some cases, response options were modified to prevent indications of ceiling or flooring effects of a particular scale.
Study population
The questionnaire was sent by postal mail to all insulin users with type 2 diabetes in the registry (n=3160) with a prepaid return envelope included. A unique identifier was assigned by FDDB to ensure respondent anonymity and allow linkage between the self-reported and register data.
Respondents were informed that by answering the questionnaire, consent was given to obtain information from their registered health information. No remuneration was offered for participation. Access to the registry was contingent on study approval by the Danish data protection agency and the registry steering committee. 25 To evaluate the CVD risk of the sample population, a type 2 diabetes-specific equation for estimation of 5-year first incident fatal/non-fatal CVD was calculated using the formula, 5-year risk (CVD) 26 'not at all, to some extent, to a high extent, fully'). Others were presented as a scale from 1 to 10 (1=very poor and 10=very good), for example, 'How good/poor are you at doing what you know is best for you?'. Respondents then had to answer this for 6 different behaviors related to diet, exercise, keeping to dentist/GP visits, taking one's medication, and adhering to medical advice. Treatment beliefs were assessed through questions examining respondents' attitudes toward treatment and understanding of diabetes. Treatment attitudes were stated on an ordinal scale (very much disagree to very much agree), for example, 'The treatment doesn't improve my diabetes much'. The respondent's understanding of HbA 1c was revealed with a set of questions on whether the respondents (1) had heard of HbA 1c before (yes/no), (2) could identify the correct answer out of three on the interpretation of HbA 1c as a longterm marker of blood glucose control (multiple choice), and (3) could state their HbA 1c target within a range of values between 5.5% and 10% (multiple choice). Respondent understanding of long-term sequela was revealed by a multiple choice question (yes/no/do not know) asking the respondents to mark the places where one is at risk of damage due to prolonged high blood sugar (hands, feet, heart, kidneys, eyes, teeth/gums).
Diabetes registry
The classification of level of education and occupation were guided by standards commonly used in Denmark. 27 28 All questionnaire domains are mapped against the registry data in table 1.
Statistical analysis SAS for Windows V.9.3 (SAS Institute Inc, Cary, North Carolina, USA) was used for data management and statistical analysis. Relevant variables were categorized, and descriptive statistics were shown as a number and percentage for each variable level. The Danish EuroQOL five dimensions questionnaire (EQ-5D) valuation algorithm 29 was used to calculate a single index score for all five EQ-5D dimensions.
Forward stepwise multiple regressions were performed, regressing a dependent variable on a set of potential explanatory variables in a one-by-one manner. The explanatory variables included in these analyses were: age, gender, body mass index (BMI), duration of diabetes, insulin regimen, smoking status, education, income, self-reported New York Heart Association (NYHA) class, physical activity level, EQ-5D score, and life satisfaction. The health outcomes regressed were: HbA 1c , s-cholesterol, LDL, and systolic BP.
Subsequently, the variable most strongly associated with a dependent variable was identified and included in models against each of the dependent variables. The variables explaining the largest amount of the remaining variation was kept in the models.
Normal plots of residuals from the regression models were made, and the data log-transformed if needed. For descriptive purposes, the arithmetic mean and CIs calculated from log-transformed data were adjusted back to their original scale through exponentiation. 30 Logistic regression analyses were used to estimate odds ratios (ORs) for meeting diabetes treatment goals in the presence of prespecified diabetes management behaviors or treatment beliefs. These were included in logistic regression analyses if significant at the 0.15 level for more than one of the health outcomes in the individual regression analyses. This level of significance was selected to ensure that all relevant behaviors and beliefs were tested in logistic regression models.
The aim of the analyses was to examine the association between health outcome (HbA 1c , s-cholesterol, LDL, and BP), treatment beliefs, and health behavior. To support these findings, subanalyses on predictors of beliefs and behavior were performed. Behaviors and beliefs significantly associated with meeting more than one treatment target were regressed individually on relevant explanatory factors in backward stepwise logistic regression. The background data selected for these analyses were age, gender, BMI, smoking status, insulin regimen, duration of diabetes, self-reported NYHA class and heart health, EQ-5D score and life satisfaction, minor and major hypoglycemic events, income and education.
RESULTS
Of the 3160 distributed questionnaires, one-third (1031/33.3%) were returned. Age was the only variable available on non-responders, but did not differ significantly from the respondent group (66±SD 13 vs 67±SD 11). The average respondent was male, 67 years of age, diagnosed with diabetes for 15 years and with HbA 1c , LDL, and cholesterol levels slightly above recommendations. More than half had high BP. The combination of long-term diabetes, elevated HbA 1c and cholesterol levels, being overweight, and hypertension induced an average 5-year cardiovascular event risk of 27%. Since most respondents were elderly and at risk of CVD, the treatment target recommended for this population was applied in all logistic regression analyses.
Approximately two-thirds of the respondents were outside the labor market. The majority (69%) were of a low education level (highest degree high school or technical college) with a household income of <250 000 Danish Kroner (DKK) (75%). Intermediary diabetes damage (eyes or feet) affected up to 46% of the respondents. Terminal damage (amputation or renal failure) affected 5% of the respondents (table 2) .
Log-transformations were made for all health outcomes, except systolic BP. Covariates significantly associated with any treatment outcome at the 0.05 level in linear and logistic regression analyses were: duration of diabetes, insulin regimen, smoking, age, self-reported NYHA class, gender, and age. Results for linear regression analyses in which each health outcome (HbA 1c , systolic BP, s-cholesterol, and LDL) was regressed on health behaviors and treatment beliefs are shown in tables 3 and 4.
Diabetes treatment beliefs
More than half of the respondents were satisfied with an HbA 1c level below 7.5%. The majority of respondents had heard of HbA 1c previously. A minority of 4% thought that the HbA 1c measurement correlated with the self-measured morning blood glucose measured the same day. One-third did not associate heart disease with diabetes management. Neuropathy and its related damage to feet was known by most respondents (91.7%) but not damage to hands (24.5%) (table 5) .
Approximately one-third (34%) found their treatment cumbersome and 22% stated that it did not improve their diabetes much ( perceived low treatment efficacy) or found the treatment very time-consuming. A small number of respondents (12%) could not reject budget constraints as a reason for sometimes skipping treatment. Higher HbA 1c levels were associated with perceived low treatment efficacy and the belief that an HbA 1c level above 7.5 was satisfactory. The treatment beliefs included in linear regression analyses are shown in table 3. Perceived low treatment efficacy was the only health belief associated with other treatment outcomes than HbA 1c . Thus, people who did not reject the statement 'The treatment doesn't better my diabetes much' were 30% and 40% less likely to have s-cholesterol <4 mmol/L (OR 0.7, CI 0.5 to 1.0) or HbA 1c <7.5% (58.5 mmol/mol) (OR 0.6, CI 0.5 to 0.9).
Health behaviors
With the exception of eating habits and exercise, the majority of respondents stated a high self-efficacy within the domains of primary care utilization and adherence. To the question 'How good are you at doing what you know is best for you?', the distribution of answers of eight or more (on a scale of 1 ( poor) to 10 (very good)) was: visiting my dentist (71%), visiting my GP (82%), following my GP's advice (89%), and taking my medication (95%). In a multiple choice questionnaire item, 78% stated that they were either fully or to a large extent adhering to their treatment. More than half of the respondents measured their blood glucose at home at least once a week (table 2) .
The majority were non-smokers (table 2) , and more than half of the sample (628; 63.2%) was moderately active at least 4 h/week. A minority reported intense exercise of 4 h/week (27; 2.7%) and one-third (339; 34.1) were sedentary. Approximately two-thirds exercised at least 4 h/week (table 1). All health behaviors, apart from being a smoker, were significantly associated with lower mean HbA 1c levels. Frequency of SMBG, adherence to general medical advice or the treatment itself, and primary care utilization were significantly associated with both HbA 1c and lipid profile in linear regression analyses (table 4) Low self-reported primary care utilization was significantly associated with having an HbA 1c below 7.5%, 58.5 mmol/mol (OR 0.8, CI 0.6 to 1.0) but no other health outcome.
Predictors of treatment belief and health behavior
Adherence to either the treatment regimen or general medical advice, as well as SMBG, was significantly associated with a higher likelihood of meeting the treatment target for both HbA 1c and BP and lipid profile. Thus, Table 3 Health outcome stratified by diabetes treatment beliefs these behaviors were regressed individually on relevant explanatory factors as described in the methods section.
Respondents stating adherence to general medical advice were more likely to be women (OR 1.7, CI 1.2 to 2.4), whereas stating a low or medium life satisfaction was associated with a 60% reduction in likelihood of adhering to general medical advice (OR 0.4, CI 0.2 to 0.6 and OR 0.4, CI 0.3 to 0.6) or the treatment regimen (OR 0.5, CI 0.3 to 0.8 and OR 0.7, CI 0.5 to 1.0). Furthermore, respondents stating a low adherence to their treatment regimen were 50% more likely to report poorer heart health (OR 0.5, CI 0.3 to 0.9) and were 40% more likely to have a low knowledge about the consequences of poor control in terms of long-term sequela (OR 0.6, CI 0.4 to 1.0).
Respondents measuring their blood glucose weekly or more often were twice as likely to have experienced at least one minor hypoglycemic event within the past month (OR 2.0, CI 1.2 to 3.3).
DISCUSSION
In this cross-sectional study, the associations between treatment beliefs, health behavior, and health outcomes targeting both glycemic control and CVD risk were examined. The average respondent was male, elderly, not attached to the labor market, with an education of <3 years (Academy Profession degree level), and with diabetes for 10 years or more. The demography of the study population is highly representative of the Danish background population of insulin users with type 2 diabetes. More Danish men with type 2 diabetes (up to 60%) than women are using insulin. [31] [32] [33] In a Danish cross-sectional study (n=9951), 70% of the insulin users were outside the labor market, mainly due to retirement. 33 In our study, this number was 79.6%. Since age does not differ between responders and non-responders, non-retired, labor market attached insulin users seem slightly under-represented in the study population. Of the general population with diabetes (both insulin and non-insulin users) in the region of Copenhagen (n=47 100), 85% have an education of 4 years or less and 42% have an income below 150 000 DKK, corresponding to 95.2% and 39.6%, respectively, in our study. 34 We note that insulin users only, and none with type 1 diabetes, were included, which may explain the 10% difference in people with an education of 4 years or less between our study and the general diabetes population.
It was assumed that the sample population would be elderly and have a long average duration of diabetes. Although most surveys involving discrete choice experiments are web enabled, 35 postal survey distribution was chosen to reach a group of respondents who may reject digital surveys. This assumption was guided by the high number of elderly citizens obtaining waivers to a recent mandatory requirement of using digital communication with the Danish public sector. 36 The resulting response rate is within the expected range for the population. 37 38 Health behaviors most consistently predicted health outcome. For HbA 1c , smoking was the only behavior not associated with any change in glycemic control. Self-reported adherence, either to treatment or general medical advice, was associated with HbA 1c and lipid profile. The use of self-reported adherence questions of the kind applied in our study has been shown to generate valid results when compared to objective measures. 39 40 A contradictory result was that while frequent home blood glucose measurement improved glycemic control and lipid profile, it was also associated with a higher risk of high BP.
In general, the respondents had a high HbA 1c understanding. In a US study (n=1233), 82% of the respondents with either type 1 or type 2 diabetes had heard of HbA 1c previously.
14 In a similar study in the UK, 41 two-thirds of type 2 diabetes insulin users were unfamiliar with HbA 1c . Only 13% of these could correctly interpret HbA 1c in terms of its association with blood glucose during the preceding 3 months versus 56% in the present study. We used the exact same measure for technical HbA 1c understanding but, unlike these authors, did not establish an association with either educational level or income. 41 Respondent's self-stated target HbA 1c was highly predictive of actual HbA 1c , but we did not This study is in line with other research applying social cognition theory to identify barriers to treatment and explore individual psychosocial and behavioral modifiers of health outcomes. We found that patients who experience the treatment as cumbersome have lower treatment adherence and higher HbA 1c levels. This is in line with other studies showing a high burden on people with diabetes related to interference of diabetes medications in daily life 1 and links between this burden and skipping insulin injections. 43 Also, respondents stating themselves as satisfied with moderate glycemic control (or did not know which level they were satisfied with) tended to have actual HbA 1c measurements reflecting these statements.
While most treatment beliefs and health behaviors were associated with HbA 1c , only a few predicted metabolic control associated with both glycemic and CVD risk targets. Since people with diabetes are at a high risk of CVD, these results indicate that attention in diabetes care is needed to improve CVD risk.
These findings highlight potential opportunities for improving care and support for people with diabetes. First, they highlight simple self-reported indicators of poor adherence which may be useful for the care team as part of ongoing diabetes care to identify individuals in need of additional self-management support. These are tools often lacking in primary care. 44 45 Second, our finding that patient understanding of health consequences of poor glycemic control was more strongly associated with adherence than a technical understanding of HbA 1c suggests that diabetes education, which is focused on the direct relevance of markers for the patients' health, may be most effective.
This study was not without limitations. The study data represented one-third of the full population invited to take part in the survey. However, further research is needed to evaluate characteristics of the nonresponders. Owing to the cross-sectional design of the study, causal relationships cannot be examined, nor temporality of effects. Since associations between a snapshot of health beliefs and behaviors and registry-based health outcomes measured at various points in time were evaluated, bias was mitigated by only including health outcomes obtained <1 year prior to survey completion.
The generalizability of the results include (1) the particular demographics, and (2) the healthcare setting of the study population. The study population was elderly and many were retired, which limited the analysis of socioeconomic factors, such as income and labor market attachment. This is a general challenge in the population of insulin users, although others have reported an association between socioeconomic status and adherence in diabetes management. 42 This tendency was observed, but further examination was limited by the small sample of individuals available for the analysis. Furthermore, the diabetes model on Funen is well established with a high level of supportive diabetes services and education made available. Thus, the treatment beliefs observed in the study population may not be representative of other health systems.
CONCLUSION
Health behaviors were stronger predictors of health outcome than treatment beliefs. Self-reported adherence to either the treatment regimen or general medical advice most consistently predicted metabolic control of glycemic levels and cardiovascular risk factors. These findings are based on associations only, but nevertheless detail predictive behaviors which could be targeted for improvement with the hope of better health outcomes.
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